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GENERAL CONSIDERATIONS
Sudden and unexpected deaths of young athletes are most
frequently the consequence of unsuspected cardiovascular
diseases (1). However, participants in organized sports are also
subject to another risk for sudden death that occurs in the
absence of cardiovascular disease—namely, blunt, non-
penetrating, and usually innocent-appearing chest blows, trig-
gering ventricular fibrillation unassociated with structural
damage to the ribs, sternum, or heart itself (commotio cordis)
(2,3). Although the precise incidence during competitive
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and recreational sports is unknown, commotio cordis events
may be a more frequent cause of sudden death than
previously believed, and also more common than many of
the cardiovascular diseases that cause these catastrophes (1).
Knowledge of the demographics and clinical profile of
commotio cordis is based largely on information from the
U.S. Registry (Minneapolis, Minnesota) (2,3). Precordial
blows that cause commotio cordis usually are not perceived
to be unusual for the sport or activity involved, nor of
sufficient magnitude to trigger arrhythmic sudden death.
Although reported at a wide range of ages (3 months to 50
years), commotio cordis has a predilection for children and
adolescents (mean age 13 years) probably because the young
characteristically have narrow, pliable chest walls that facil-
itate transmission of energy from the chest impact to the
myocardium.
Commotio cordis occurs in a wide variety of sports, but
most commonly youth baseball (and softball), ice hockey,
football, and lacrosse, with death often caused by projectiles
that are implements of the competition. Although blows are
typically of low energy, projectiles may strike the precor-
dium with a range of velocities—paradoxically, and most
commonly, with only modest force such as a pitched
baseball striking a batter at 30 to 40 mph, but also with
high-velocity blows from hockey pucks or lacrosse balls (up
to an estimated 90 mph), and frequently with bodily contact
to the precordium such as by karate blows or collisions
between outfielders tracking a baseball in-flight. Collapse
can be instantaneous or preceded by brief periods of
consciousness and physical activity. Despite a structurally
normal heart, survival from commotio cordis is uncommon
(i.e., only 15%). However, survival from commotio cordis
has been reported with increasing frequency associated with
prompt cardiopulmonary resuscitation and defibrillation (3).
Survivors of commotio cordis should undergo a complete
cardiac evaluation including electrocardiogram (ECG),
Holter ambulatory monitoring, echocardiogram, and possi-
bly cardiac catheterization to exclude underlying structural
cardiac abnormalities.
Also, many deaths from commotio cordis occur around
the home or on the playground in informal activities related
or unrelated to recreational sports (often involving close
relatives) in which the chest impact is delivered in an
innocent fashion; for example, such events have occurred as
a result of light blows during playful “shadow boxing” or as
a remedy for hiccups (3). Unfortunately, some commotio
cordis events have even triggered criminal convictions for
manslaughter or murder (4).
A swine model that replicates commotio cordis has
provided important insights into the mechanisms responsi-
ble for the devastating electrophysiologic consequences of
these precordial blows (5–7). Determinants of ventricular
fibrillation following a chest blow include impact delivered
at a wide range of velocities directly over the heart, and
timing within a narrow 15-to-30-ms window just prior to
the T-wave peak during the vulnerable phase of repolariza-
tion (representing only 1% of the cardiac cycle) (5–8). The
requirement for such an exquisite confluence of circum-
stances may largely explain the uncommon occurrence of
commotio cordis.
In addition, spontaneously aborted commotio cordis
events may occasionally result from blows sustained during
the QRS complex (depolarization), which trigger transient
complete heart block or nonsustained polymorphic ventric-
ular tachycardia in the animal model (5). Basic cellular
mechanisms responsible for commotio cordis are incom-
pletely understood, although selective activation of KATP
channels may play a pivotal role (9).
Several strategies for prevention of commotio cordis
events, including innovations in the design of sports equip-
ment, have been considered. Softer-than-normal (“safety”)
baseballs reduce risk for ventricular fibrillation under labo-
ratory conditions (5,7). Although such projectiles do not
provide absolute protection from sudden death on the
baseball field (3), nevertheless there is sufficient reason to
encourage the use of such baseballs in organized play at
appropriate ages (10). Chest barriers with proven efficacy for
youth sports (e.g., baseball, lacrosse, and hockey) have not
yet been developed, and many of the commercially available
products offer no or only incomplete protection against
provoked arrhythmias (3,11). The continued reports of
commotio cordis events during organized and recreational
sports emphasize the importance of more timely resuscita-
tive efforts, including immediate access to automated exter-
nal defibrillators (AEDs) (12,13), and also development of
preventive strategies including design of effective chest
barriers (11).
Recommendations:
1. Age-appropriate safety baseballs are recommended
for use in children up to 13 years of age.
2. Although chest wall protectors may prevent traumatic
injury in goalies and baseball catchers, insufficient evi-
dence is available to recommend universal use of com-
mercially available chest barriers for all participants in
sports, specifically to prevent commotio cordis events.
3. AEDs should be available within 5 min after partic-
ipant collapse at sporting events.
4. Survivors of a commotio cordis with ventricular
fibrillation (or a presumed aborted event without
documented ventricular fibrillation) should undergo
a thorough cardiac evaluation, including at least
12-lead ECG, ambulatory Holter monitoring, and
echocardiogram. Standard electrophysiologic testing
and an implantable cardioverter-defibrillator are not
usually recommended.
5. Because data are lacking with regard to the suscepti-
bility for recurrent events, eligibility for returning to
competitive sports in survivors is at present a decision
left to individual clinical judgment.
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GENERAL CONSIDERATIONS
In 1994, when the 26th Bethesda Conference recommenda-
tions were formulated, no court had yet considered whether an
athlete with a cardiovascular abnormality could be involuntarily
excluded from a competitive sport if physicians disagreed in
their participation recommendations (1–3). However, new
data have subsequently become available, and several highly
visible cases involving the sudden deaths of elite competitive
athletes (4,5) have brought medical-legal and liability consid-
erations into prominent focus. A 1996 lawsuit brought by a
student-athlete claiming the legal right to play intercolle-
giate basketball contrary to a university team physician’s
medical recommendation has established a developing legal
framework for medical decisions regarding the eligibility or
disqualification of trained athletes with cardiovascular dis-
ease to participate in competitive sports. In this case, Knapp
vs. Northwestern University (6,7), a federal appellate court
recognized the appropriateness of a physician’s reliance on
current consensus medical guidelines when making a par-
ticipation recommendation for an athlete with a cardiovas-
cular abnormality. Consequently, judicial precedent now
provides some guidance regarding the role of the present
36th Bethesda Conference recommendations in resolving
legal issues relating to athletic participation disputes.
In the Knapp case, the court upheld Northwestern
University’s legal right to accept its team physician’s recom-
mendation, which was consistent with the then-current
26th Bethesda Conference guidelines, to medically disqual-
ify a student-athlete from playing college basketball (6).
As a high school senior, Nicholas Knapp suffered sudden
cardiac arrest while playing in an informal basketball
game, which required cardiopulmonary resuscitation and
defibrillation to restore sinus rhythm. Thereafter, he had a
cardioverter-defibrillator (ICD) implanted. He resumed
playing recreational basketball without any subsequent car-
diovascular events, and three cardiologists medically cleared
him to play college basketball.
Knapp had received a full athletic scholarship at North-
western University to play intercollegiate basketball. While
Northwestern honored Knapp’s scholarship, it barred him
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